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Abstract 



The present invention provides a compact recording and reproducing apparatus capable of playing 
back DVD and CDs including CD-R. This apparatus comprises a means of focusing a light of a first or 
second wavelength onto a first or second recording media; a first means disposed off the optical axis of 
the focusing means to generate a light of the first wavelength; a second means disposed on the optical 
axis of the focusing means to generate a light of the second wavelength; a means of correcting a coma 
aberration In the light of the first wavelength and guiding the corrected light along the optical axis of the 
focusing means, and a means of detecting the light of the first or second wavelength reflected from the 
first or second recording media. 
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^2 1 A^Tttt^^lClBg-r-So 1/— tl-'5^-y7°2 1 AJ; 0 
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L T ^ 2 w $ « S CD 7t ( c J; 0 1» fid §S * Ac t i B *. 
$ n -5 ^ 2 <73 Sa f S i K ! C L T , tS ?R ^ flC IS S Ac « 

^, WaBS 1 CDUmmW-^tcMW. 2 CD83®4«#:(C»«L 
TPSI^t-^^^^Si:. 10 

Si. 

nAc^l OS^(Z)jSftCD7¥;^Ac«^2(7D:5$(7)!SSCD3t 20 

(D^ziiLmm^^^, mm^2(D&'^a)'t&.m<Dmzitm so 
■t^m&mi^(DmaA^. m'L-^Fimzm^-^nrziiLm^m 

d miB^ D ^ -7 ^- Tt^STcoSSWHIfT** 
n. lEOSSc^P. ^2COfi$C0iffi:i:^A 2 trst 

d = pA2/ (n-1) 
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n T t ^ :i i a i f -5 W * 4 f ; aB i» c7) IB S 3; S 

tto 

[riS5fcJS9] mlaB§7t-^©«, MIBIilE^a^SigT 
smSB^ 1 C0S^cDfeS«0;^imjJT^»$Ac«HutBffiIE 

^^r^:i^^nwii^-r^mmmnztim.mzmm^m 

So 

AmmmM^^iz^KiMM-^nr^^-^n^^x^^y h 

i. ^2 09;*$<£:#-r-5^2®tB^!«#:«fB^®fC. wi 
IB^ 2 ©fi$®jgS®7fe*tMIB«^#fi8:tC J: 0 »^$n 

«iiib^nTi.^-i> d t $-#^i:-r^tt*3S 9 tcIB«<DgB 

sit 1 izmmo)mmn±mmo 

lsmmi2] misBSTt^afc. HtilB/N°->y— >*l*ltc 
IB^ff^^Bo 

(Dmzj:y)mmmim^rzitm±^ti^m i «fB»«^ 

HutB^l©8Bglj«^®S«i:SAj:^J?$<7DS1g^^ 

Lxm2 (D&-^<D't&^(D^izj^K)mmnmmrzim± 
^n^m2o:)mmmmzMLx. H(riB^i©*$(Dis* 

^. slilB«^^g;®^tt^1-t::ffi«-r^X5^-yyi:. 
BuaB^ 2 cD:g $ CDzfeft(7)7t $r^±-r 2 (D^^^g: 
^. mlSB«*^g©^tt±(ClBm-r-l.X5=->;/7'<i:. 

T. flffsB»^¥IS07ttt_h(::-&B5c-r'5X7^-;/7't. 

BfJIBIg 1 cDtBiS«^*:*Ac:«ll 2 c75lB^(i«i*:|c J; OK^i^ 
T'tSfii;^ -5 <h^4#mfr -SIBILS 

[0 0 0 1 ] 

>t^;iii.^'T. "trL^'rimj-^Bi-mmzx-iLT, mm^ 
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tz 7m ¥i Vi IS *3 cfc isjj m Mr -5 o 

[0 0 0 2] 

[^^e3^4CD^i•^-|i^] •/t^mmLxmm^r.m^rzitwi±-r^ 

■&mi^tLX. ziyiX'y V^AT.O (CD) (K 
. CD-ROM. CD-R;^ii:C07t7^^'Xi7;5^'^& 

laif-SDVD (Digital Versat i 1 eDi sc) i:(7)iff75::^ 

[0 0 0 3] Z-OyXoU^f^ T.^f^^'f-J^ iV^m."^ 
S!^ait-^-&. I/— y-*7t^t2^^^*J{C»7tL, IB^<li#: 10 

[0 0 0 4] S^^tDTtX'i'Xi'fCiJViTtt. 

i^— tfTt^fijffli- (0ijx^dr, cDi&pi^-r««-&- i^* 

A«A = 7 8 OnmiStl. J: 0 i« 

nTl.^^DVD^PI±-r^«^, A = 6 3 57!)S6 5 0 
nmt^n^) , FjSD^ (NA) m^ii. CD 

*fl^-r^«^. NA=0. 4 5i:$n. DVDSrS^ 

■r^m^, NA=o. 6t^n^) M'^uyx^is.mi^ 

[0 0 0 5] ■toyjzoumn^ (NA) <D;*:#(,i>i:!t#)i/ 

BUT. S*t7¥:(it5lt^JRM»*^'ii;^T-5/c6e). DVD 
T«CDtci3tts«^J;0»«$»<IS:itL (CD© 
1. 2inin(;ML.. DVDTttO. 6miii) , SW^ttCiJit 

[0 0 0 6] &,±(Di:oU. *ft;^>X*CDNAil/— tf 

X (A/NAiHt^iJ-r-S) i3j;D^. TtT^^Xi' 30 

0, fie5t5WCDtCtB^$nT^i-5l*$B^»gi5;^{iif 

^, DVDCDS^{CfiJffl-r-5:it«0iiET* 

0, -eroijetc. DVDfflJC^tf bfc7t*?S€:CDW||^ 

[0 0 0 7] LA'^LfjiA^'b. ^f^, CD^Ci'roiJe*®?^; 
x^'Xi't, DVD/d:i*C0i«^Sf®7t-r'i'Xi7«Jti^L 

[0 0 0 8] ^CT\ CCDj;5 7iSB^^^tSSC73J9$ 

[0 0 0 9] ^<7)-5*,(;) 1 -pt LT. n^uyxt. 
u f y y ^ -y i> 9t^m=^ (HOE) ^ffl^^^^^-fr^;^^ 
f)K fffPS-^ 7 - 9 8 4 3 1 ^l^fgiC^^K^tlT 

-5. T/JltJ-fc., mmZAX-^^O^Z. {fijx.t^6 5 OnmCOjtic 

IiCDU--tf>t/;''. IIOE 1 0 1 t%m[y>7:\ 0 2 

LT. C D 1 0 3 S/liiD V D 1 0 4 (infl(|-.t$tl-5„ I I fiO 
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OE 1 0 1 (Ctt. El 3 1 iZ.T<-r=t-51I. l")'Ul')-1Xwa'ii*f 

-ecOnSm. IEI3 2!i;r;-r=fc-5lC, A9'f$n7t6 5 0 
nrac7)!gtS(7)-)t;:)^'0;^[nirr)^ (Mi§7t) i: 1 ^ArCQirrT^iiC^j- 
fiJ^tl^o 0;^IIirT7t«, DVDffltSfl, I'.kM^rxft 

\t, cDffl<h$n-i>o ■^-nai'i-wiJcawiEifiTTttt, hh 

mzVh^O ttL^^^\Z. HOEl 0 USSii-fb^nT 

[0 0 10] mi^uyx i o 2 ti. d vd 1 0 4 izmm 
it-^nx^^^o -^(Dfeim, HOE 1 0 1 ^mmLfzo-A 
mvimi, ms oiz^-t^oiz, ^?ti^i/>x'i 0 2(;j; 

0. sfecojps^'o. emcoDVD 1 0 4commimm 

±lzmM^tl^o ^fz. HOE 1 0"1 ©liffi^coti-y^^ 

1. 2m<D&m^^-t^CD 1 0 3{zm^^n^t^. 
DVD 1 0 4 i:®Stgffc7)iH'itrJ;-55*EiRM*MlE-r 

Di 0 sicftii/iNAiO^ifbti-g.j^'^fc, nm\yyxi 

0 2CD#x!)SJ;0/h$t,iffi^(Cf^fi)cLT$>§o ^W,^ 
*f#)^>X'l 0 2<&SiiL/i 1 i>:[il#r7t«, Iff^SIB 

[0011] CWHOE 1 0 1 «)^^©t°-y5^ 

tt. CD 1 0 3<Z)7tX7t?-y hTjtDVD 1 0 4CD7t7./J^-y 

h e. 7ttt:^rS] (ci^M ^ mglti -5 J; o fc« iS^t L T $> -5 

[0 0 12] L;5^L;^C/&^b, c:©J;^fj:fcf-y i^y-yT/tc 
il#(75CD«ff^T'^Tfc. CD-R^S±-r*:ii7i^' 

T-^i^ci/^o •r/'j:^^-^.' n^tz\-^xt^<m^'^^^'^mti. 

CD-R«. 7 8 Onni©^^c7)iSfi^S*f-r^J:5(Cjg 
rit^nxtJO. DVDXffl^i^ 6 5 Onin®fi$(7)j^fi 

[0 0 13] ^CIX. *tB^A«, 0iJ;ltt'#^¥8- 1 

2 1 3 3 7^<i:LT. C D - R C D t D V DCOi^ 

3 3i:EI3 4(i. ^(^'^iS0<l^«LTI.^-5„ gI3 3«, 
D VD 1 0 4 *fl^-r-5iS-&C07t^?^**LT*D0. HI 
3 4tt, CD 1 0 3 $F?4-r§«^«7t#?^®«^^« 

[0 0 14] D VD 1 0 4 ^£S^r-£)±l^(3«, 03 3 
(C^-rj;o(C. 7 8 0nmc7)iSSc75U— t)-*7¥;^%^feT^*^ 
W^tilM 1 1 1 B«:t7$n^. ^LT. 6 5.0ntncO?t!i:g 
OU— tfTt^^^fersSifrtTtrlS 1 1 1 A75^'7f->$n-5o 

m^ytmx 1 1 A=tottiS;f$n;tu-it*^(s. i/y-v- 

<y>7'\ 1 2 Ail J; 19. ^Kfi'Jd 3*(75lx— tf7tic^)-i'iil 
$ n/z'f^. ^-^ Ou-i -J ^ y<) XA (DP) 11 3 i:fW 
■>tt*-^X7'iJ -y ^7 (PBS) 1 1 4 ^riSjiii L-T. 3 ij 



I 



( I ) 

s 

Pi 1 1 6^irLX, HOF-: I 1 7 (CAW^-a-^o fclirr'f! 

mh\yyxi 1 8tt, DVD 1 0 A\zmmw:-^tvx:m\ 
^nxi/^-So ^^eoT. hoe i i ?«> m^mtmi^y 

7:il8lCd:0> CD 1 0 3 (C*^$n^ 7 8 Onni«?iJ 

6 5 Onin(7)?iicftW7t(C«, HMWiCtiftg L/'drl^o 
[0 0 15] -TTic*:)-^, El 3 5 ('ffi;'cLTS-rJ:^(Z. 
HOE117H. iSft 6 5 OnnK^U— tfT^^tat^ 1 0 0 
%ajlf-i)o -rt^t)-^^ HOEl 1 775ie.tt. Oi)i:[HlJ/f 10 

ftii^n^^-^n^. z.(D\y—*f%\t. miFtm^<i^u>xi 

1 SiZ^DMy^-^tl, 0. emmroff^roa^^^fi-r-SD 
VD 1 0 4©1t?St2fiiM±lcS3t;Sn-S.o MifrmMmu 
>X'118tt, DVD 1 0 4\ZU—^yti:mMl' fzt 

T. DVD 1 0 4±(Dm^7.^y hit, [ilWPS^^Tig^ 

[0 0 16] CintC^fLT. CD 1 0 3 $:p|±-r-2)«^ 
13 3 4tC^TJ;5t', 6 5 Onm®j^S® U—tfTt 
^^^•r.2)ijf#t7t)Ji 1 1 lA;^i^:t7$n. ^(7?ft^5 0 20 
(C, 7 8 Onm(^j^ft©l/— y-*7t^»*-rSS!cl^7tilil 1 

1 B}^i^5r>$nSo c<7)i/— y-*7t«. i/u-5"'f>iyi 

12B^:/MxT. ^^-r^^D-r -y^'T'UXA 1 1 3 (CAM 
5 OnmOl/— tf7t;«Sig-rS*^\ jS*7 8 Onm<DU—*f 

mtKM-r^. ^(D^m, ^^-ri'o-r-vi^yjXAi i 

3T'KM^nrzU-^yti)^. {iTtt'-AX^U •y^' 1 1 
4> nU^-^'U>X'l 1 5< A/4tS 1 1 6 Sr^/M. 
T. HOE 1 1 7 (CAS^^n^. 
[0017] 036 tr^-r J; o\Z, HO E 1 1 7 05$^^ 30 
fcf-y5^«. 7 8 0nm(Di:^m9i^tm9rmtt'mu>Xl 
1 8 t J; -5 DVDl 04i:CDl 03(75 

^fc, HOE 1 1 7±©Iil5f7ttt. CD 1 0 3 
(DNA(C-&^ J;-5fCDVD 1 0 4 (C^f-SBtfrS^f^; U 
>X'l 1 8CDBlS,J;0t)/h^7S^^tc©^f^fiS;3nTVi 
So tOf^M. 7 8 OnmW^-lfTttt, CD 1 0 3Com 

[0 0 18] CD 1 0 3 SfettD VD 1 0 4TJSW$n 
fzU—^mt. mffrMti!^U>X I 18. HOE 1 1 
7. A/4|gl 1 6. a ij ^>X' 1 1 5$^L 
T. {i7tb'-A7.yj -y ^ 1 14(CAIt:^nSo t'^' 7s 
C^A^ibCOmomt, x^- Xi7'\WA*f7ttr.fe'^T. A/ 
4 tg 1 1 6 M^fiA^ 9 0 /JSLSIfcir 

■y^' 1 ] 4TJSfrf$tl. •7;i/^U>X"l 1 9^^>!^T, 

^hy-r^-K (PD) \ 2 oi,zA^'\^ti^. n-'-j-9'i 



WDHf- 1 0-26 1 21 1 

fi 

[00 1 9 ] 

^ L fc 5e ujj I C ^ T « . ^'J. 7^^: S ?li CO 1/ - +)-* vt ^ 5E 'I:; T 

s 2-3ro#^(W7t?)gt 1 1 1 A. 1 1 1 B^. "tn^nmirr 
mmi>iuyx\ i 8®7ttt±iiSBa-rsj;oicuTi^s 

ij X*A 1 1 3 <t L > aRp^p.i- <;^£ 0 . zi X 

[0 0 2 0] *^Bj(i. c:<7)J;5;^j:tt?HtCig^T7^j:$n 
;tt)WT-*0. CD-R^ff^T^SiciCl-r'Sxhtfe 

[0 0 2 1] 

[iss&)»»bi--5;t*«^©] ai*3S 1 \zmm.o)mmn 

^1 CDfiS©jgft(7)7tSfc«^2®*$©j^ 
fiWTt*. Ml«ie^i«^^Sfc«m2WgBgi«K^^{c»« 

tl, HI ©S$cDiSS©7t^^^T'2)^l®^^^l^ 

7t^«^-r-5®2C0%^?©t. Hi <7)*$©tS*©7t 

-r-s-^^^at. Hi ®g$<7?ig^scD7tcDi*®iKM^« 

iEt-^^ilE^ai:, H 1 ©ffi^^^SfcttH 2 ©IB^ii 
^*:{CJ: 0 ;Slhf SnfcH 1 coft$©iS^*CD7t^ Ac«H 2 (75 
fi $ (D jSScDTt ^S7tt--5 St^^© -5 C i 

[0 0 2 2] 1 3 (cffie(75tB^s^:^^«. h i 

(7)fi$<75i^fi(757t^^^i-SH 1 <^)^^^®^. 
®(757tW^(CSa«-r-5)X5^-y7'<h. H 2 C75fi^C75iSfi(75 

7t*^*-rsH2<75%^^©^, »:*^a(757tttJtfcia 

e-rSXT'-yyi. hi (75fi$©&fi(7)^$:, ^(753-7 
<t, H 1 CDfi$(75ifefi<75>tCO^ffiiRM^fflIE-rsX5"-y 

yi:. w.i<Dmmm^'^rz\t^2mmm^\z^ioRi^ 

SnfcH 1 (75fi$(7)&fi(75^SfcttH2 (DS^(75j^fi(75 

[0 0 2 3] mMl (CsB«g(75ta»S*fe^B*3cfctX»>R 
JSi 3fcsB«(;5SB^^^;^ffifr*3tiTfi. 
W^l^fCiae^nfcHl (75fi5(75&fi(757t*^', :3-7iKM^ 

[0 0 2 4] 

mm(Dmm(^mm] &.Ti,z^?tm(^mm(Dmm^m.m 

jllA'di CO /f^nl i (7)>l:^ t&Mf^ ^ ijlj 75^ (c -r -5 /i «6 (c. ft- ^p-© 
(7)?^(?5fgi-'MrAjli. :J:«-T-5'#ir^(0)f^!i (fll L -i^'ij) 
;j|!LT>t:5gWcO$=^Sg!^aajifi-rsi:. ;^co=ko(i;k-£.<, fH 
L ^^JllSli C (75ffi'K«. T©€ffi.|i)c t Ac 0)izm;iir^ C 
i: ^ .'Si'^; T -5 CD T « /j; '.• > . 
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[ 0 0 2 5] m^m 1 {zmm(DAium±i^mit, -m i w 
T-s (f^ij^ tt'Bi 2 (DmmmM^io u > x 2 e ) , j^jk^^ 

^miCO?g^^e (0iJX.«lll3COU— tf^^y 7°2 1 A) 

^^^^r^m2(D%±^m m\^\-tm2(Dv-^'f--y 

■7°2 1 B) t. m 1 WS$®jSft«7tSr> ^CD=l-7iRS 

;ttt*03»*:Pi^57-r •y:i77t**T2 5 a) ^1 

tt'0 3C93}^ni/^7'i' •;/i'7t#*^2 5 b) <h, ^ 1 CO 
ie^ii^Sfe«m 2 ©tfi^j^^*:{C=t 0 >K»t^n/i^ 1 CD 
ft ^ cDzSftCD7t^?ttt^ 2 Wfi^ <7)Z^4©7¥:^S7t-r-5 
§7t^a (^Jx.tf|gi3(Z)7f:hx-i'-7"i'5'2 9) i^tt;! 

[0 0 2 6] Ell (J. :$-^m(Dt^mn^i^m:(Dmm(om 

TCDl/— 1f5^-y7°2 1 A, 2 IB (13 2) CO^t-K)— 

m^<D^^^^m-r^Ti^h7''< v^^^ (pd) 2 

8 (0 2) T^tbL. ^^yt^<Dtiitimn^PDtiif]m 

^ t L- T jug HISS 2 (c tb :/3-r ^ J; ^ fc $ nx I ^ -5. . 

[0 0 2 7] j||#[pISS2«, PDtiiijm^ («-S7tgl5W 
ff-^) Ttx^'Xi'PI^^Wx-^^mff^ (RF 

It^^^mb. 7"-^^ttifI^i&S^IaI!l§3tcai;^;L. 
7 - X X ^ -if ^:jo J; t» 7 -y ^ > ^^X 7 -fi^ ^ 

lags 4 tc m ;'3 -r -5 J; -5 to^ot $ nx 1/ ^ ^ o 
[0 0 2 8] s^iHis&stj. gistmsS2cko«iS!&$n;t 

(C. x^-iTIEL;^i*^'?,«i^LAcjf^^. n^mniiL ■ 
X. m^coSia (m^-tt-T) (ctii;^;-r-5J;^{Ci^j:$nx 
li-5o 40 
[0 0 2 9] ftiIiP[lS&4H. j|^p;[n]SS2 J:Oi*$^$nfc 

7^-;^7.x^-ffi^(cj^;i;x, y ^--hT^-^-jf-mr 
g:Jjc^i4^i/>X2 6 (02) ^7twi;^rfi](c#i;j$-tt, 7=t 

- ;^ X ^st9!i L . ?Sp:(Hli^S 2 cfc 0 t^^^ $ n/t K 5 -y ^ > 

X- 7 ^m'm L . ?¥;^T- ti y ^7 7 y ^ glJ 1 ^ >tx Y X ^7 
4 1 A. 4 1 B(7)^h?^;/yi"HCl^i;j£?-a-. h^y + >y^ 
MfHT^J: o !I /j: $ tlX (/ ^ -5 o 
[00 30] ;|il|fJll|i.li;fi4 ytfc'iWOft^AllllNlK'^S -^riliil 51) 
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PPL, frjl-t-r^xi- X^icj^iUX. 7tX'i'Xi7 4 lA 
(CD) ^ fi}lL--r-5i;^ , t)-'?'y-/2 1 A^b. tf; 
1 (f?i)^«'7 8 Onm) coj&SA 1 W U -+J-'7t^5^ 

ll-$-ti, T^T-'-r Xi7 4 1 B (DVD) 

U— 9-'5^-y •/2 1 B*^^,, ^2C0fi$ (0iJA«'6 5On 

m) co&fiA 2 CDl^— 4-*7t^5g^^itSJ;oiC7^j:$nx 

[0 0 3 1 ] ifc. ftiyiSPIiI3S4ti, ^-^9^*HfllL> 
7t7''<X^7 4 1 A. 4 1 B^RffS(75i$a^-e[5ie$-ti--5J; 

^ti/cS^nxi^-So 

[0 0 3 2] ;i£*3. SiJ||lHlSS4rt. A:^SM5;^)^?.^- 

i;x. &[H]ss$r$ijiaii-r^j;5{c;^j:$nxt,i-i.„ 

[0 0 3 3] m2tm3\i. El 1 «7t^lf-y i^Z-y^SB 
1 ©t^Pfefi^iJ^S^LXiSD. 132 DVD4 1B<73S* 
P#(C*5ttS>tSS^. 121 3 «, CD4 1 AC0fliB#©7tS§ 
^n^'tlTKLX 1/^-5, It^U— tfiS^<^- K2 1 
l^— tf5^-y7'2 1 At !/-1f5^-y:/2 1 B-h^WL 

yzf2 1 A«. mtfxmM^u>X2 eoyytmmzmm^ 
5^-y7°2 1 Btt. mmmM^u>X2 6co^tt±{cgBe 

Xt/^-5 U— tt-*5"-y ^2 1 m2©jgSA 2Wl/— 

t'-AXyj ^y:? (BS) 2 3 (CAW^ ii-S J; 5 t' 

/j:$nx^i^. 

[0 0 3 4] BWSMi|^l/>X2 6<7)7tW^1-tCi2S$n 
Xl/i-SU—lf^^-y ^2 1 Att. ^1 c^jg^ftA 1 ©U— tf 
>i^2 2 Aicro|ttxajlKf-r-5J:5{C;S:^F 
nXti-5. >i^2 2 Att. l/-- y-*5^-yy2 1 

*) (c:5i-sijL. ^ne)©!/— tf7t*t*-Axyu -y^ 

(BS) 2 3{cAW$-li-5J:-5{c;»S:$nxi^-5 = 
[0035] BS23«. yi/— >i^2 2 A$fc« 
L — 1f^-yy2 1 B:<)^e.«U— y-*7t^Sii$it-, =3 U ;< 
— 5- U'>X2 4(CAM$-ti--5i:<hfc{C. n'J^ — ^U-> 
X'2 4 iOAMLfcU— y-*7t (7tT''i'Xi7 4 1 A. 41 
B;5^ecDS:*f7t) ^KML. ■T)U5=-U>X2 7 ^^LX 

*hxV5^^>iS' (PD) 2 stcAW^-a-^ct^ito^s^n 

[0 0 3 6] nij^ — 5'U'>X'2 4«> BS23A^e.<D 

(HOE) 2 5 (CA§^$-tf^i<!it)IC. ^^D^'^^-f-y 
i^Tt^-^-T- (HOE) 2 5;5^^.AI--tLfc¥fT7t^ (SW 
7t) $«5|i7\:fcLX, B S 2 3 fcAW$-a--5c};-5fc;^c$ 
nxii'5. 

[0 0 3 7] HO E 2 5 «. Ttif&^^Jcfflc^HO E 25a 
<tfiJ<ifiiiKir??jfiIi:{Jf)c75HOE 2 5 b tC=t O^i^eJt^nXt/^ 

-So 

[ 0 0 3 8 ] M 4 «. >\::Kf^fT/iJc;n CD H O E 2' 5 a o:imi& 



( 6 

9 

[0 0 3 9] lElS^S, J*®iKMtffiIEfflcOHOE 2 5 bc7) 

^^tlT^O. mifrmM^U>X2 6^^6 5 Onm(D^-& 10 
c7)7tT0. 6iiinicDiP$<7)S1g^^T^D VD 4 1 B^H 

l/^^T'ci*, ^<7)HtFfSJ*f4^l/>X2 6 Sr^LT. 1. 2 
mniC0i¥^(7)*S**^'SCD 4 1 7 8 Onm(7)j^Sc7) 
7tTS*t*^«^. J*ffliK^;0^'^^-r^o HOE 2 5 b 

[0 0 4 0] HOE2 S^Dthm-^tlfzU—^^mt. M 
ffi^^*f^U>X2 6 tCJ:0*S^n> CD4 1 A^fzlt 

DVD 4 1 B\zm^^ti^<^o\zr^^nxi^^o 20 

[0 0 4 1] CD4 1 AS;tttDVD4 1 BtrJ:»9JSI^ 

tlAcf^. HOE2 5<tnU;<-^l/>X24^^DT, 
B S 2 3 tCAtt^n^o BS2 3^i. XM^tlfzU—^ 
yt^KML. -Tjl.5^U>X2 7 fCA*r^it-^o 

[0 0 4 2] •t;1/5='U>X2 7fi. BS23ci:DAS*$ 
nfc 1/ -lf 7t 7 ;r " ;^ X SiJ^^ (7) yc a6 (7) ^.'S^XS 

Tj^h^^T^^^' (PD) 2 8{::AI^^-t^^o ^hy" 
^^^^ (PD) 2 8^i. tSSO^TtSB^^-L, 
SBt'^oV^T, 7t^^X^4 1 A, 4 1BTSMbT±ai 30 

07t^»^^^tTAMUfcSM7t^m^m-^^c^ML. 

^ com^fS^ ^ P D m ft ^ ^ L T«ff 2 ttl ;b-r 
[0 0 4 3] Eie^i. 4^h^^'T-i7^2 8cD/1^ — >0' 

^2 8fri. CY>m(D (2^fiAl(7)) JKI^Tt^rSTtr 
Kx^5"i7^ 2 8 Ai. DVDfflc^ (zSSA2c^) SI* 
Tt^^Ttl"^^ 2 8 BifCctOl^^^nT 

t^i^o CDM^P#. ^(0 h^'y + >^'tS. V^^t$^3t: 

^ 7"^:$^ 2 8 A(^. S7t«^ 6 1 , 6 2, 6 

3 (CcfcOli^^^riTl^^o ill»:iHlSg2fl, §7^^^ 6 1 
C0,4i:^ch§7t^^ 6 2coai:^^7)M7:?^?> N^>y + >i/x5' 

3 A7!fS6 3 D{C4 5>fiJ$tlT^0, l^.'i^.iKM^itC*'::^' 
< y :t-;^7s-friiHJP^fT-5/r5^:). iK^[HlSS2^i. ^Tt^-T 
6 3 Act 6 3 Q(D\\V)l(D%\\tL. ^Syt^T- 6 3 B ^ 6 3 D 

-So 

[ 0 0 A 4 ] LT. D V D f'P.l-:H'f (IfS , ^c?:) h 50 



1 0 - 2 (S 1 2 4 1 

^ v^y Differcniial PhaseDc t cc I i on (DPD)ri;-{C 

OfTt^n^;^c66. -gTt^-r-e 4;I?^'S7t^->6 4 A7!;5?i6 
4 DfC4 5i^fiJ$nTl^>5, i|Bff[nl^2tl. S7t«-7-6 4 
Act 6 4 C<DaJ:^cZ)^P<h, S7t^^ 6 4 B ^ 6 4 D(7:)u4i 

-So Sfc, StK^^ 6 4 Ai: 6 4 BcofU (A+B) 
^-Tt*-? 6 4C<h6 4Dc7)fP (C + D) b tl. $ 

btC-^tlbCOfP ( (A+B) + (C + D) ) ( (A 

+ B) - (C + b) ) COfufflM/^/^b h^^y^>i7*X^- 
[0 0 4 5] \%M^^2\%. CDCOt^-^^^HJ 
ff-^-tt, St^^^ 6 3 A7iS6 3 Dfc)m;^c^?n;0^b* 

DVDO^-^^ttlfS-^^1, S7t^T6 4 A71;S6 
4 D CD m ;^ CO^P:^^ b ^ o 

[0 0 4 6] mi\t. woE2^h<DW^mMmvyx 

2 6<aijO«®^ffiAbT^bTl/^^o ClcDJ:^tC, HO 
E2 5b{C(l. &©<?D;S$7)^'dTS^4©<7)f5g©?gtSc(7) 

^^nTi/^-So cicoiHiatt, T^T^^ 4 1 Acota^® 

*ig7iST (Ip-5. 7t^^X^4 1 AtC^bTSig 
7^j:NAf::7^i:^J:'5{') J^J^g^tiTi^^. 

[0 0 4 7] gp-^. HOE 2 5 b(Z)Pg©ff^tt(7)a^g|57{i^^ 
Jg^$nTli^^Hc7)g«. H«?^^*#JL/>X2 6CDN 
AJ:0/h$t^R)?^£^ffltc^S^nTi3 0. CintCctD. 
S:gAl(D7t (7tx^X^4 1A) tC^t-^NA:^^*||M 
&^t::M^$tTTl/^'5o HOE 2 5 bcozi U — ^ 

U>X2 4#JC7)^ffl(S^®^MLTl^'5o 

[0 0 4 8] HOE 2 5 bcOPgSff^tfeCOtr^y^ti. 
A 1(7)1/— !f7t^i¥^ t lcDS«^W-r^7tx^Xi7 4 
1 A{Cfigttb;t^^{C, j?^ t 2c7)>tx^Xi7 4 1 Bi 

[0 0 4 9] HOE 2 5 bcoPSaff^t^cogJifcNi: 

S-^COiS^d (®iaN<hfi5$dTHOE 2 5 bCOiS^ 

(g^^) ( (N-1) d) tm'&'^n^) i/-if7t 

CO^SAl, A 2c7)fiitCi$;L;Tlg^$nTl/^'5o "T^^J:^ 

No=A 1/ (qXA 1-PXA2) ^tz\% 
No==Al / (pXA2-qXAl) 

(p, <x\x. vh'&<DiE(D^m Tffai^n^No cofii 

(AM7tc07tai:ai«7tc^7tac7)l:b) i;^:7tS;^ctS 

-So M-r-SlC. Net A 1, k2(r>Wi%\X. 7^it\ZWM\\L 



( 7 ) 

1 1 

[0 0 5 0] ^btC. d{t. 'A(Dx^ 

do = pXA2/(n-l) 
(V\t. mM(D]E(^m'&i. ntl. HOE 2 5 (OJaUrr4i) 

-irfftB^n-^xioCDfiifcsa^^nTi^-s (ci = do) o ^ 

[0 0 5 1 ] mTi^t. Sifc p, q^p-l, Q = I tL 
Trnth-^tlfz 1 ©c^^S^/O^^do T$>^ No ©cT^HO^W-r 10 

>5HOE 2 5 btciz—tfT^ m^n^m) t^xMi.rzm 
^t^Arnvr^m-B. ms (a) tc^t-J:"5f^. arc^^ 

fflilbfcl/— tfTtfCti, ^ (3/2) K^z^YXDim 

(6/2) 7r^vT>c7){4+BM*-^A, EI7c7D®^D* 
JiiiLfciz-tfTttC^i, (9/2) 7r^vT>cofiffi 
S^#X.^o 20 

[0 0 5 2]i£ffl^tt, 2 TT^i/ZXDS^f^CQeffiS: 
JaMbTfe, 7E(7){ifflM<^:#iBT^^(7)T, EI8 (a) 
<75{4tl^$lll8 (b) \Z^-r^o\zm^U~t^hi^^X^ 
m-^. ifefiA 10Dl/"if7t:0mOE2 5 btCAWb 

B^MiiLfcl/"- tfTttCti, ^ (1/2) 7r^/*T>(7) 

-tfTttcts, *5 (3/2) 7t yi:^Ty(D&.immt^^7.^n 
E 2 5 h(D^mzm\:^x\±mm-h^^A.^n^(Dxm^-r 

[0 0 5 3] ^2cOiggA 2COL/-lf7t50^*A#tU 

El 9 (a) ici^Tct^tc, rnKD^^A^mm 

-IfTtfCfi. ^2 7r^vT><7){41=S^;^>^'^^^tl. mi 

[0 0 5 4] ±iz6LfccJ:^fC. {ifflM^i. 2 7u^v7> 40 

<^T\ E19 (a) c7)^4;teM*H9 (b) fc^f 
^m.-tZ.tt^X^^o fip-^. ffi^fiA 2<7:)l/-1f7t;^mo 
E 2 5 b(3A*tL/t^^. M^A7!;S^^DC7)^t»R)^^ 

—^it\t. HOE 2 5 bTSMA'JdlHirr-t^riZ, 
[0 0 5 5] :L(D^o\Z. hoe 2 5 b[lA^tLT, -h' 



WinM^ 1 0 - 2 (S 1 2 4 1 
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%\i.xn'-j-^mrz'^u^^^oiz't^ ztx\ -^-n^'n 

X^^{f}f4£-r^i^f^(c^iii-^Hrr^W-A^ftU>7:2 6(75 

Sggfi (^"-4^>yT-VX5^>X) COM) 

[0 0 5 6] ife. ®J/fSi«^U>7:2 6 tifei^A 2 CO 
Tt^T^T-V 4 1 BtC»7t-r^C0tC*iift:$tlTt/^^ 

coT\ ^m\t%^i.f^\^^o ^ib\z. m^nmt^^]yyX2 

6i:7tT-VX^4 1 AT^^-r^?g^SA KD^Z^^^ 
iRM^iHOE 2 5 bTlflE^n-So ^^oT. l^'rncZ)^^ 

^^'^^Z.tt^X'^^o 
[0 0 5 7] 01 Oti, HOE 2 5 h(Dmmm (AW 

(4XT-^yy) IS (lX5"'yy) £7)i«^d^, 

6 5 0/ (n- 1) ninJ:0^^iSt^^;^tCf>"7 h^-t^-fct^ 

m\zmi^-r^z.Lxmm.^ri^o ksa 2{ct3i^T^i, 

O-^COlHljFfTt (fiP^. iSi§7t) COlHJfff?i*7^^'t^(S9 0 % 

$7SLTV^^C0T\ l|2 0jSftA 2cOU-lf7ttS. ^CO 
7t»CO9O%;0^\ 0:>i^cD[HlJ/f7t^LTHOE 2 5 b^S 

[0 0 5 8] Z.(DXo\Z. HOE 2 5 b^iii^-r-^^CO 
W.2<Dm.^?^2(D\y—^it(Ditm(DmM\t. 10%X$> 
^(DX\ HOE25b^2[Hl {^'f>(7s^ A 1 B^[p];6^ 

o^^t. ^'THT.^ AiB-f)^^i^M\^x^rzh^) m 
mLxh. m2(D^m^2(Du—^*yt(D^m\t. ^20 

% L7i)^Mgii-r, A*f Lfc u--^^(Dytm(Dm 8 0 % 

[0 0 5 9] iSSA 1 tCi5V^Ttt, - l'A<D^tff 

^comifrMm^m? 2%^^[.x\^^^cox\ mic^^ss 

A 1 (^l/-1f7tti. ^C0>t»;<?^'^7 2%tcMKbT. - 
i:>^coiBif;T7tchLTHOE 2 5 b$:m^coiH]Wft;t^(t[m 

[0 0 6 0] :icOi^tC. HOE 2 5 b^iii^-r^^, 

^ 1 <Dm& A 1 CO U"-9'7tc07tSti, *g 7 2 % f::i^S-r 
^COT\ HOE2 5b^2[eI (^y^U 4 1 A-vfp];^^ 
^ch^<h, 7tX'<Xi7 4 1 A7:)^^,SWLT#;t<h^) M 
igL/^:ftc7:>lll tOj^SA 1 <7)l/"-tf7tcZ)7tSti> 1^5 2 
% (= 0 . 7 2 X^O . 7 2 X 1 0 0 %) tU^:/)"^. 7t^' 

^ 7.^comB^rz{tn±iz{t^^7j^rj:'y{:mx$>^c 

[0 0 6 1 ] f^:h. Ix— tf^.y ^2 1 A. 2 1 BX^^ 

t^c^;>7ti#x.^:::ch7:;^'T^'5o f/eoT> HOE2 5bT 
ffiSA 2coo;A:)t^f^Tt/^'5ch§. SifiA i 

CO- ii^yt^V^'fXi^^t^. fi!ico;:^^(7);f^i>^;:trMirr-ycti 

fn] l-.^it. iig>'L:CO^g:}^^ffli;|i!|r^c:>:^'T#'^o 



[0 0 6 2 ] ^fz. IK) E 2 5 b cOiif^ [fii 60fin(i!i^ 3 Pii" 

* ([p]f/T?;{i^) tmi<fs.^o 2^k\zr^t. u-^%o:> 

[0 0 6 3] $bt::. 2mch. ?SSA 1 A 2 cDF^^Rl 10 
f)^&<f^K^. ^KfiA 1 ^ 7 8 OnmCOifi^tC. T^^O. 

A 2^6 5 onracoia^tc, ^n^nmm-T^:i ^tmm 

^^t:^^. s^izi^fcm-^. igfiA 1 A 2 ^^n^^n 

fcfzL'. HOE2 b b(D4^comm\t. mm^2\^ 
'^A^y^'Lrx.y^y^^-r^z.Lizj^K^mm'r^^t 

[0 0 6 4] 'Alz. m2 tm3(Dmm<Dmm<Dmmz'D 20 

t/^TiffiS^T^o Atimm^^mi^LX. DVD4 1B(7) 

s^mmi^. m2\z^'t<^oiz. v-^^vzf2 1^^^ 

WMl-^"^. ^Sfi6 5 Onmc7)l/-lf7t^^*$-ti-'i)c ZL(D 
U-ifTtti, BS2 3S:^LT. U ^ 1/ >X 2 4 
tCAM^n. ¥fT7ttC^^$n^o 3iiJ>^-^7l/>X2 

4^1, c:<;)l/"tf7t&HOE 2 5 t::A#^-r^o 

[0 0 6 5] iMiUfccfc-piC, HOE 2 5 a(i, XM% 
(D^E (0;^lHlJ/T7t) ^^(7)SSSilT^o ^fc, HO 
E2 5 bfc. m \ 1 tC^-Tct-^tC. A*f7t<^9 0%C0 0 30 

^mn^^^m^^. m^mmv>X2^\^. km^ 

nfcl/-if7fe^*mL.. DVD4 1 B{'Ba#t^-ti-^o ® 
^S*t4^l/>X2 6^i, 0. 6!nfflC7)ip$coa«^^M. 
C(^0:;^[p]J/f7t7:»^'DVD4 B(7)|B^®tC0iM$ti;t 

>5o ^SoT. DVD4 1 BcOlB^KtCfl, ^^^SlnUffRB^ 

[0 0 6 6] D VD 4 1 BCOSaSSTSW^nfcl/-- 

Tt^i. a^/rs^^^^^^'>X2 6tCcto«7t^n. W7t<h 

LTHOE 2 5 bfCAI^^n^o H O E 2 5 b {C^dV^T 40 

m\2\z^.'r^o\z. AM^nfci/-if7t^*Hfi^ 

•So ^dTfc, 9 0 %c;0InIt/T?;i*T^>'?>/i(S6. AI^Ttch 

S^7t^XT-;i/^-corj8 0 % (-0. 9X0. 9X10 
0 %) tU^. 

[0 0 6 7 ] Z.<DW<'0-:H:\t. ^bil. MOE25a{CA 

S^^n, o;A:inirr7t;:/^'M.i«t$n'5o c:(7:>o:^rni 
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}1^\^>X2 1 iziwm-t^o '^m^U>X2 1 \t. A 
2 8 fcAS^^ti-'So 

[ 0 0 6 8] ^^V'rH'rO ^ 2^\Z^\.^'X\%. Z(DXo 
tCLTDVD4 1 B J:f:)i^W$nTMoT^;t L/"-tf7t 
75^\ *h7^^7^i7^2 SBT^Tt^n^o »:»[Hl8§2 
VX. S7t*^ 6 4 Ai:6 4C(7)ait/C7)^Pch. S7t*^6 
4 B 6 4 DcZ)ai±?i7)?P{Z)M ( (A+C) - (B + 

D) ) ir^h. -y ^-fi7.y^'7-m^^^l^-^^o ^fz. 
^n^n<Dii]ti(Dfu ( (A + B) + (c + D) ) 

( (A+B) - (C + D) ) cD{5ffiM7:)^b, hyv=^> 
^':IL^''n^•^i±f^^n^. ^bfc, §7fe^^6 4A73; 

^ 6 4 D CO ffi ^ (Z)?n e - ^ ^tti ^ o 

[0 0 6 9] mmm^4\t. ig»[H]8S2i:o#fc*&$n7t 

h^'y + >i7'-9-"#fflTi75^^X"3?^ 7 ^SfJSfb. :7;f 

[0 0 7 0] ^fc. ^-^mihmn\t. m^m^s^zx 
tf^n. mm-^nrzm^ n^m^ti^xmm^^mmz 

[0 0 7 1 ] -yj. Atjmms^mmi'T. cd4 1 a 

^s^mmL. msizfjk-r^oiz. i/—tf^'yy2iA 

^^Rjb/&S*7 8 OnmCOlz-ifTt^mi^^-ar^c d 
(DU—^mt. ^'1/-^^ >i7'2 2 A{z:A*f$ti. *K 
6^tC3*:cDl/-lf7tfc53^tiJ$n^ (3 ti-AfetCct^ h 

\t. BS23. :3U;>^-^I/>X2 4S:^UT. HOE 
2 5 atCAlt^n^o 

[0 0 7 2] l/"-1j->^y-/2 1 A^i, JSWSiJ^^/ 1/ >X 
2 ecD^m^^Z^^S-^tlXl^^CDX. ZLCDU—^m-X. 

HOE2 5 aiz^mn^^^xm^n^. ^z.x\ mi 3 

\Z^~r<i:o\Z. ^C0HOE2 5a«. Al^^nfcU—if 

Tt^lHlSfb. Al^7t<7)*^j7 0 %COX^^;l/^"-CD- i:>^[Hl 

m^'^^M±(D^tLxmM (^^) -r^o hoe2 5 
afi. z.(DE^%±^^zi'^i\^m^mjE'r^j:oizmm 

[0 0 7 3] C<7)- i;^[HlJ/r7ttt. HOE 2 5 bTSlFr 

^nfzm. miJymM^u>X2 eizjiOM^^n. i. 

2[nmC7)i¥^$-fl-t"^S1S^^bT. C D 4 1 ACOl*$RfB 

$wm±izM^. MM^n^o mifrmtmu>X2 6i^t. 

m-^t)^0. 6fniiic7)StS^^"r^D VD 4 1 B^S^T^ 

m^^z. imi^mm^-^n^xo izmmit^^ntDtix 

t/^-So t;e-:pT. 1. 2mmCO/¥$c7)atfi^^-r^CD4 1 
A^ftf^fe-r^®^, f*fffTi|J^|g;)^'^^-feLTL^^o HOE 

-So t^oT. CD4 1 A(7)1ff^RSL!Jim! l:tCti. U—tfyt 



( 9 ) 

!5 

[0 0 7 4 ] C D 4 1 Acomm^MiiiiThlM^nfz U - 

-^ytit. kmrn^mt-y-xz eizjiomytt^n. hoe 

2 5 b ^frLTl-lOli 2 5 LiiZXm-^n^o E\ 1 4iZy]< 
TJ:-^!^. MO E 2 5 a iCtil^Ttl. C D 4 1 A c7:)W?fi 

n. - i'AmrrfttLxnzSy^m9]^izih^i-^n^. ^kd 

% (Z)X fe CD 7^1: 

[ 0 0 7 5] HOE 2 5 act Otill^^nT'cU'—tfTt^i. 

2 4(CAIt^n. »:^$nfcfg. BS2 3irA*t^n. 

-^^iTSit^n. '^)V'f'U>X2 7\zxM^ri^o $b 

[0 0 7 6] 7}^ h5='^ 2 8 tC^l/^T^i. 

-tf7t/0^\ EI4(::^T4^t-T'^-T-^^2 8 ATST^sn 
-So >^7*2 2 AT3*tr5^'fiJ^nyc:U"-+F7t 

Tt^n. ^oWfgfcgas^nTii^ 2-::»<7)i/-1f7tti> 

§7t^^6 1 iiSTt^^ 6 2T\ ^n^^n^Tt^n^o 20 

m;'7<h6 3 C(Dmti(Dl^h. STtPg^ 6 3 Bi:6 3D(7) 

^/c. S7t*^6 3 A7iS6 3D(7)ffi;^7(^?n7^^?>, t"- 

[0 0 7 7] aJiT^*f4^U>X2 6c7:)WSiBt^Sti. D 
VD4 1 BS:S^T^J^^tC:gig;iNA (NA=0. 
6) ^q#^>n^ct'5t::S*6nTi/^^o ^itid^LT, 
CD 4 1 Ac7)ftiifi:NA^i. ^^tJO. 45t^nTt.^^o 30 
^:iT\ c:cD^®;^£NA^q#^n'?)i:-5ic. HOE2 5 
a, 2 5 bCD[Ell;fgE2 5 a A, b ACOfl^^^ nXl/^^ffi 

m^%2 5 a A con/^^?:* [Hi iff SB 2 5 si Atmjs.'^nx\^^ 

A{::Al^^n. "^(DKM^i)^. HI 1 4 ii^T J: e> ic. S 
^'M-:?T^T> ^CO— h5^^ 2 8 AClAfrf 

[ 0 0 7 8 ] m2 3 \z^i. tcmis.^. m^'^tm^ 

m-AZ^h^X\t. U-+f5^'yy2 1 B^BW§!I^«^U>X' 
2 6(7)7t-tt-hiCfi[l{lL. l/--tf5^'yy2 1 A^yt'ttyMl 
ffin'cL. '?-c7)y'(:<([ti^McfiBuS:LAcU'--^'5"-y y 2 1 A;0^b 
CDU--tt7L:^. nOIC 2 5 aTyL^ifll |-J::^'[^^J-r^ ct o (I 

'M ) c7) y;t CO y f ^ rj ■i' *y ^ :7 u 7: / ^ 1 1 3 'i^' i: U so 
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T/cC<. K13 3 <h^3 4 fC^T^Tct-pSC. 2-Z)C0/;iW>t?IF;i 

1 1 1 Aiii 1 1 Bcoiii5;^^7t$S]±(cSaHt" -Sciz-^ic-r 

t^<t^^tzi5b. mmt^^mi\z\.x\^^oz.t\zu^-h<. 

2 r><D':^m(D^^(D--)j^'/tm9v\zw.m'r^^^ \z i.rz 

COX\ 2 O^ttfc^WifitgLT 1 z:>(D/^y^-:y\H{zSim 

■r^:zt^^x^. j^on^mit-^^^'^mtu^o 

[0 0 7 9] EI 1 5 1 6ti, m2 tmSlZ^Lfz^ 

TV^^oHllStt, DVD4 1 BS^S#cD7feSS**L. 
Blieti. CD4 1 Aff^P#(07tS&^^LTC'^^o ^ICO 
ti^^Jt::4ot^Tti. 02 iliI3(ii5^'t-5i^l/— >i7' 
2 2 A, BS2 3, =1 U — ^ U'>X2 4. i5ctL<v;i/ 
5"1/>X2 7 7^^**BS^nfe:^^<h^nTl/^^o -^LT, 

l/—tf5^^yy2 1 A, 2 1Bi, 5j^h-x^5^i7 
^2 8;i^t«^i/— tf;^^yy^ (LC) 7 1<!:LTSts6 

[0 0 8 0] ^LT, CD4 1 A^ff^-r^Jft'&tC^S, 

DVD 4 1 B$:S^-r^«^tCtS, 7:t-;^XX5'"m 
O^^$n-g)70^\ h^^y + >i/x^-ff^ti. DPDffi 
[0 0 8 1]-01 7tl. ^t^LC7 1 (D^l^li^J^e*:^ 

[0 0 8 2] c:nb<^lll(c^-r<j;5{c:, i/"if5^^yy2 

1 Ath 2 1 B}^. ^"X 7 2 tCRlf^(Z)SEgt^SiTTg^ 
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